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This report concerns design and capabilities of a 4-channel - 

telemetry modulation system for use in the Apollo R end D 

boildrplate and airframe test vehicles. The equipment ~peci-~- 
, a .  ." -a 

fications and mechanical drawings ;ere generated by the Tele- 

metry Systems Section of Instrumentation end Electronic Sys- 

tems Division (IESD). Certain of the qualification tests were 

accomplished by the contractor, Sonex, Inc., in asaociatlon 

with personnel from the Telemetry Systems Section, while other . 

tests were conducted in-house at MC. 
" , 

- 1-1 DESCRIP'JXON OF S E m :  

1.1.1 The system consists of four high-level, differential input 

subcarrier oscillators operating ofi IRIG channels 12 through 

*.- 15; an isolated output composite signal amplifier; a mounting r 

chassis with resistive pre-emphasis network and a moisture- 
. .- 

. >- - ..q proof container foi the entire system. - L W  

The subcarrier oscillators operate with a deviation of 96s of 

the I i U G  channel bandwidth with analog input signals of zero 

tc five volts peak-to-peak, Each SCO is provided with an 

internal SPDX relay to provide for inflight calibration. 

1.1.1.2 The composite signal amplifier provldea a completely isolated - - 
output signal, adjustable from the top of the unit. 

ing chassis provldes a mounting surface for 

lators and hmplifier, all interconnecting wiring artd 

mphaais network. 
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m rn 1.1.1.4 The closed sheet. metal box provides a moisture-proof enclosure 

for  the remainder of the comgonente. The c w e r  of the box is 

provided with a LennonLi@te Humidity indicator and a deseicarnt 

container. 

The subcarrier osci l lators  an8 the amplifier are completely en- 

capsulated i n  Emerson and Cummings Eocofoam - FP and are secured 

t o  a rugged machined aluminum chassis by means of two 4-40 stain- 

l e s s  s t ee l  mounting screws. The moisture-proof enclosure is  an 

aluminum weldment which has been ruggedized by the addition of 
e 

stiffening mernbera along each side. The box closure is Sffected 

by means of a f l a t ,  vibration damped, aluminum plate  (which holds , 

the dessicant md humidity indicator) and a neoprene rubber gas- 

ket. 

TESTS CONII[JCTED: 

The tests that were conducted were those for type qud i f i ca t ion  

of Apollo R and D instrumentation fo r  airframe vehicles (see 4 
IESD Docwnent 19-1, Part 3). In,some cases, the T,elemetry Sys- . - 
tems Section has made the spec'ification more severe than IESD 

requirements i n  an e f fo r t  t o  improve the accuracy of telemetry 

data, make a m r e  versat i le  system, and t o  make a more sensible 

specification (e.g;, IESD Document 19-1 does not require the 

equipment t o  operate during htmddity tests, but the Telemetry 

System Section *peeif i e s  equipment operi'tioa duriag humidity 

- 
. J  



ELECTRICAL BENCH TESTS: 

2.1.1 . SHORT TEEtM STABILITY: 

The system was connected for  operation a t  room ambient temper* 

ture  and +28 vdc was  applied t o  the package. After 15 minutes 

of operation, stimulus voltages were applied t o  each SCO and 

center frequency and bandedgee weqe recorded. Each unit wcrtr 
I 

within the 1.0% dbw setup tolerance. 

1 2.1.2 SUPPLY VOLTAGE SENSI!CIVI!LY: 

The supply voltage was varied +4 - vdc mound +28 vdc and center 

frequency and bandedges were recorded. Worst case c h ~ e  w a s  

l e s s  than 0.124 dbw. The specification allows 0.75$ maximum. . 
2.1.2.1 SYS!CEMCmDRAIN: 

Current drain a t  each supply voltage wae recorded. Every 

effor t  w a s  made t o  maintain power consumption at a minimum 

level. A t  i32 vdc (worst case), parer consumption w a s  l e s s  than 

3.5 watts (102 ma a t  ambient temperature). 

2.1.3 SOURCE IMPEDANCE SENSITIVITY : 

The input leads t o  each SCO were open circuited m@ then ehort 

circuited through approximately 48 inches of unshielded,. 28 

awg wire, The zero stimulus frequency (LBE) xas recorded i n  

: each case. Frequency change on dl units  was lea8 than 0.5s 

dbwo The specification &lows l , O $  dbw. 

2.1.4 OUTPUT AMPI;Em: 

The amplitude6 of each individual output ( in to  the pre-eqhasia 

network) aould not be read directly. !herefore, the amglitudes 
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- w e r e  measured at  the t e s t  points of emh oecil~s-r;or, Any - 
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change i n  amplitude at thie point would reflect  a proportional . - 
change a t  the output pin of the SCO connector. The test point - 7 

Stimulus voltages i n  0.500 vdc eteps, from zero t o  five vdc . - 

were applied t o  the input of each SCO. Output frequency wae 

recorded for  each step. An ideal l ine through the endpoint6 

was then calculated for each SCO. Deviations from t h i s  l ine  

were recorded. Linearity: deviation from a l ine  through the . 

end points sha l l  be less than 0.5% dbw. 

Stimulus Actual Ide al - Actual - Ideal 

10.5kc 5.0030 vdc 11253 cps 11253 cps 0 96 dblf 

4.5030 vdc l i102 cps 11102.2 cps -0.014 " 
3.9996 vdc 10951 cps 10951.4 cps -0.027 " 

3.5006 V ~ C  10801 C ~ S  10800.6 C ~ S  +o .027 I( 

3.0000 vdc 10650 cps 10649.8 cps +0.014 " 

2.4990 vdc 10499 cps 10499 cps 0 II 

1.9992 vdc 10349 cps 10348.2 cps +G.055 " - ,  

1.4974 V ~ C  10197 CPS 10197.4 CPS -0.27 ' I' 

0.9984 vdc 10047 ~ $ 3  10046.6 cps +0.027 " 
0.5030'vdc 9 8 9 7 ~ ~ s  9 8 9 5 . 8 ~ ~ ~  +0 079 tt 

0.0000 vdc 9145 CPS 9745 CPS 0 11 

14.5kc 5.0030 vdc 15547 cps 15547 cps 

r 4.5030 vdc 15339 cpe 15338.4 cps +O ,029 I t  

I .  . 
* .  3.9996 vdc 15129 CPB 15129.8 cps -0.038 

3.5006 vdc 14922 CPB 14921.2 CPS +0.038 
- - 

- A- 3 . O  V ~ C  14n3 CPS 14712.6 CPS . -0.019 *' 
- - - - 

-- -d 
I 





A l l  unite were well within the 1.05 total dietortion rsguirapl4nt 
of the epeclf ication, typically 0.45$. 

2.1.7 NOISE FEXDBACK OlPrO SUPPLY VOLTAGE8 

A one ohm (+0.15$) - reeietor wae inserted i n  series with the +28 
vdc aupply l ine ho the syetem. The peak-to-peals volta& across 

the reeietor wag meaeured ard recorded. The voltage fcd badk 

onto the eupply l ine wae 12 millivolts peals-to-peak, Ihe #poi- 
fication ahlaws 30 mil l iwl te  peak-twptalr. 

2.1.8 AMPLITUDE MODULATION r 
The data recorded during pretemperature bench tes te  was ant~Qtsd 

t o  detarmine the smplitude modulation a t  &ient temperature, 

and a t  saoh eupply voltage. AM waa oalculated aa nhown below1 

$ AM = 
&ax - Emin x 100 
Bnax + Dnin 

Amplitude Modulation! llhe AM a t  anibicnt temperature i e  t o  be 

less  than 7 1/2$ 

CONCLUSION1 A l l  units meet requirement8 of the s&ciiioetion 

a t  ambient temperature. 

IIWW IMPEDARCEa 

The resist ive impedmce between the two input leads was.mea6wed 

by making the input c i rcui t  part of a 50/50 dc voltage divider. 

!!!he atimulue voltage producing center frequency (t2.5dc) was 

applied t o  each unlt and output fiequewy vaa reoMed. The 

upper bandedge stimulus (+5*0 d o )  was sen applied through a 
series deoada retsietanoa. The dwade was adjusted until +2r5 

vdc was present scrroBa the input M m b  of the SCO,. aai( the 





DC 

5 CPS 

10 cpe . . 

50 CPS 

100 cpe 

200 cps 

3 0  CPS 

400 cps 

500 CPS 41.6 db 41.6 db 41.2 db 37.3 db 

1000 C ~ S  40.7 db 38.4 db 36.5 db 32.0 db 

1500 cps 43.5 db 39.2 db 35.2 dh 

2000 cgs 47.6 db 41.6 db 35.9 db 28.7 db 

Conclusions: All four units meet specification requirements for 
I 

dc common mode rejection (see following graphs). The 16.5 kc . ii 

unit meet specification requirements for ac common mode rejection; 

the 14.5 kc and 22.0 kc units were just out df spec at 1 kc (meet- 

ing requirements at 2 kc) and the 33.0 kc unit out' of spec  limit^ 

tagee were applied through the calibration input. It w a s  shah 
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relay6 was &Leo recorded. In addition it was determined at 

whet voltage the rela~rs activated (aee belcw). 

Calibrate c i rcui t s  : (stimulus applied through calibrate lead r 
- 8 

, d .-. , lL, , . - -  - .. . . . : :..E relay8 energieed) . . . .% 5 : .  

;' -'.%.; 
10.5 kc 1 4 . 5 5 ~ -  ' 

r r i  
22.0 kc* 36. o kc 

11252 CPS 15545 C P ~  23578 cps 32134 C P ~  

M: 10499 cps - 14503 cpe 21999 cps .29979 C P ~  . . 
I 

LBE 9744 CPS 13458 cpe 20417 cps 27828 cpe 

A l l  relays operate a t  18 vdc. Total current at +28v - 240 ma 

(with relays energized). 

T o t d  current a t  +28v = 82 m a  (with relays de-energized). - * . '  h 

EMrIRONMFNTAL TESTS: 

2.2.1 TEMPERATURE TESTS: 

2.2.1.1 The system was tested with the l i d  on the box and the t e s t  point 

monitor leads brought out under the rubber gasket. ' 1  
2.2.1.1.1 A comprehensive bench t e s t  was run on the system prior  t o  sub- 

jecting it t o  the temperature t e s t s .  

2.2.1.1.2 The chamber temperature was elevated gradually (over a 15 min- 
4 

ute period) t o  4-85'~ and the unit  was allowed to  s tabi l ize  a t  

.that temperature (1 hour). The following data were recorded at: 

t h i s  point: Center frequency and both bandedges (frequency and 

amplitude) were recorded at each supply voltage. Distortion at 

center freqwncy and bandedgers at +28 vdc eupply~ The cal ibrate  

relays were than checked for operation at l o w  line voltage 

(+24 vdc). 



The chamber tetnperatun! was reduced to +50°c aad the package 

was allowed t o  stabil ize at that temperature. Output fre- 

quency and arqplitude were recorded at center frequency and 

bandedges at *28 vdc , 

!he chamber wqa elevated t o  a temperature of +110'~. Ten 

minutes after the chamber temperature stabilized at th i s  tem- 

perature, the following data were recorded: Output frequency - 

and amplitude at center freqtiency and bandedges a t  all thr - 4  
supply voltage6 (28 vdc + 4 vdc ) and dis9ortion at @enter - 

. , 

frequency. 

The temperature within the chamber was then reduced over a 15- 

minute period t o  -20'~ and the unit was  alluwed t o  stabil ize 

a t  th i s  temperature (1  hour). The meaeurements performed above 

were repeated except that distortion waa deleted an8 a check 

of the calibrate relays was substituted. 

The temperature within the chamber was further reduced t o  
P 

-35'~. Af'ter 1. h o d  (stabilization time) the measurements 

performed i n  2.2.1.1.2 were repeated. In additibn, B+ was 

removed from the system for a period of five minutes and them 

reapplied, 

HUMIMm: 

The unit wae placed i n  the humtdity chamber and the tempera- 

ture and humidity were raieed t o  +160'~ and lo$. The syetem 

w88 then cyerated under these condittona for  a period of 24 . 
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hours, Operation wae monitored perigdicelly. No malf'unc- 

t ions were observed. 

2.2.3.1 The system was mounted on the  of the, centrifuge and 

measurements were made ( a l l  connectio4e made through s l ip -  

rings). Tde system was then subjected t o  accelerations of 

5Og for  a three-minute period i n  each direction of the three ' 

major axes. The system operates normally under these accele- 

rations. 

The system was placed i n  a small s tainless  s t ee l  pressure vei- 

s e l  which was i n  turn connected through a valve t o  the large r ' 

NRC space simulator. The MIC chamber was then pumped down t o  

30 microns (235,000 fee t ) .  The valve w a s  then opened and the 

t o t a l  pressure stabilized at just over 200,000 feet  i n  l e s s  

than 2 112 minutes. During the f a s t  pulldown, center fre-  

quencies of all channels were monitored. The NRC chamber was 

then pumped down t o  6 X lomb t o r r  end allowed to remain a t  or 

near tha t  level  for  1 1/2 hours. Center frequency, bandedges 

and I3-i- s tab i l i ty  were recorded a f t e r  each half hour. No mal- 

functions or physical damage wara observed. 

2.2.5 OXYGEN A!lNOSPHERE: 

The small veseel containing the aystem was bled t o  atmospheric 

pressure, then purged with dry nitrogen. The vessel w a s  then 

evacuated to  100 microns. The vessel waa then returned t o  

atmospheric pressure with 99.99 pure Ween. Af"ter one hour, 
- 
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the cal ibrate  relays were operated, center frequency, b-d- 

edges, and Bt s t a b i l i t y  were recorded. During t h i s  exposure, 

the +28 vdc supply was removed and reapplied several times. 

No malf'unctions were observed. 

SHOCK: 

2.2.6.1 The system was r igidly mounted t o  the drop table and then 

subJected t o  three impacts of 508, 11 milliseconds duration i n  

each direction of the three major axes. SCO outputs were 

monitored by means of discriminators, recording oscillographs 

and oscilloscope during each drop. Operation of the cal ibrate  

relays was checked before and a f t e r  each drop. The eyetern 

operated normally. 

VIBRATION: 

The system w a s  r igidly mounted t o  the vibration table and sub- 

ject 

a* 

;ed t o  the following vibration tes ts .  

Random, 3 sigma cut-off, l5g  r m s  fo r  1 5  eeconds/axis with 

the following spectral power density: 

Q 
10 cps - 0.573g 2/cpa increasing t o  0.1607 g /cps a t  75 cpa 

75 t o  220 cpe - 0.1607 g2/cps flat 

2 2020 cps - 0.0573 g2/cps decreasing from 0.1607 g /cps 

at 220 cps. 

Random, 3 sigma cut-off, 12g rms fo r  180 seconds/axie with 

the following apectral parer density: 

2 10 epa - 0 . 0 ~ 6 7 ~ ~ / c ~ s  increasiag t o  0.1038 g /ope at 75 cps 





b. Broadband radiated: 150 kc -to 400 mc 

Steady stater  Complies 
- * Transient: Within 20 db upgrade (Para, 3.1.2, MIfrX- 

26600). 

* Operating calibrate r e l ~ s ,  probably largely due to  noise 

f'rom external switch. 

c, CW conducted: 150 kc t o  25 mc 

Power lines: 'Complies 

Stimulus lines: Complies 

1 d. Broadband conducted: 150 kc t o  25 mc 

Puwer lines: Complies 

Stimulus lines: Complies 

e. Susceptibility: 

Audio conducted: Complies 

RF conducted: Complies 

RF radiated: Not performed 

f .  Conducted transients  : 

Parer l ines: Complies 

Stimulus lines: Complies 

CSA output: Complies 

THERMAL TEST I'umwrs: 

The data taken from a typical  four-chanriel telemetry modu- 

l a t ion  system, s e r i a l  number 004, i o  presented next i n  the  

normil computer print-out format wed by the Telemetry 
I 

Systems Section. Such print-oute are available on each 

flight-qualified telemetry system produced crt WC 
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CONCWSIONS; 

The telemetry eyatem described In thie report ie one naving 

many versatile features, such as: 

a. Differential inputs which can be used with common hods 

voltages of up to 50 volts. T N s  can simplify signal 

conditioning many times. 

b. The input signal grounds are separated from the parer 

grounds and chassis grounds by way of a dc-to-dc power 

supply in each subcarrier module. 

c. The components and syatem are undamaged by power suppb 

polarity reversal. 

d. Overvoltages of up to 28 volts on the input signal cir- 

cuitry will not cause one channel to interfere with an 

ad3 acent channel. 

e* There are absolutely no ad3uatmenta or controls on the 

VCOts. This yields an obvious field maintenance advan- 

tage and a large increase in reliability. 

e, The VCO' s -nave a miniaturiaed calibrate relay house4 

in each VCO module which eliminates the need for external 

chassis mounting and wiring of relap. 

f. The system packaging is extremely rugged and htlrrridity and 

salt fog proof. This yield8 .a wide range of uses and 

applications for the ayatem. Humidity ia controUed a d  

monitored by an indicator-deseicator installed in the lid 

of the psckege. 






